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1. Lunar Laser Ranging Science
1.1. Precision Tests of General Relativity
1.2. Lunar geophysics (selenophysics)
1.3. ITRF and IMRF
2. Super Lunar Laser Ranging (SLLR)
2.1. Schematic diagram of Super LLR
2.2. New Caucasus Observatory of Moscow University
2.3 Time and frequency synchronization system
2.4. Laser
5.8. Super LLR Configuration
3. Conclusion



Why it is necessary to do
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Targets of new advanced experiments in LLR

Science measurement / Precision test of

violation of General Relativity

Time scale

Apollo/Lunokhod
few cm accuracy®

MoonLIGHT

1 mm

0.1 mm

Parameterized Post-Newtonian (PPN) 3 | Few years |Ip-1l<1.1x10 10 10
Weak Equivalence Principle (WEP) Few years |lAa/al<1.4x103 |10 101
Strong Equivalence Principle (SEP) Few years |Inl<4.4x10* 3x10° | 3x10°
Lume Variation of the Gravitationa ~5 years | IG/GI<9x10Byr! |5x10-4 |5x10-13
Inverse Square Law (ISL) ~10 years |lal<3x10-!! 10-12 i
Geodetic Precession Few years |IK |<6.4x107 6.4x10*|6.4%x107

Towards sub-millimeter accuracy!

Williams, Turyshev, Boggs
(2004)




LLR: Lunar geophysics (selenophysics)

ALibrations, Interior parameters

A

Love number s
APresence of a liquid core in the Moon,

having a radius of ~ 350 km.
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LLR: ITRF and IMRF (International Moon Reference Frame)

ITRF (International Terrestrial Reference Frame):
ACoordinate-and- time support

IMRF (International Moon Reference Frame):

AReferenced to ITRF with laser and/or radio; realized by network of
geodetic points.

AFor lunar surface exploration and colonization

A ink of Principal Axes and Mean Earth - systems

IMREF,
proposed by
SDA in RD-
4,RD-8

ITRF




Advanced lunar laser ranging stations
(achieved accuracy 1-3 mm)

T~

APOLLO T 3,5 m (Apache Point, USA) MeO 1 1,54 m (Grasse, France)

Accuracy 1-3 mm is the physical limitation with multi-CCR arrays

. i a Apollo-15
[ EdetsmlsH [ Zd&S - BH Apollo-11, Apollo-14 300N Is .
14 bh s, 100N Is. | 38

| 65 I 38

Improvement in LLR efficiency and precision can only come from single large retroreflectors.
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Laser repetition rate

Number of measurement to obtain the normal point with 0.1 mm precision
S RMS _(2.6)° - (4.3

N > ° 680- 185C
(0.2) 0.01
Let 6s r et Wwrlipulse, looldtam®.8 mm precision one needs
N . o
oulse— 6800 1850(
0.1/ pulse

During the time ofaliocf0r ozsen tur bul enc
must be radiated ~ 104+2x10% pulses,

—_— Laser repetition rate:

. 3
LRR® 1041021 10, 10 - 23 10)Hz
S

LRR~100 kHz.



ANew Retroreflector
Alelescope with aperture 1,57 3 m

AHi gh Laser Repetition Rate an
A-maser
Mhotodetector ?

ASuper LLR Configuration



